The introduction of poly(1H-pyrazolyl)borate anions, better known as scorpionates, as negatively charged ligands for a great diversity of metal cations has had a tremendous influence in coordination chemistry. The structures of two salts of tetrakispyrazolylborate, namely [tetrakis(3-phenyl-1H-pyrazol-1-yl)borato]thallium(I), [Tl(C 36 H 28 BN 8 )], and catena-poly[potassium-[ 2 -tetrakis(3-cyclopropyl-1H-pyrazol-1-yl)borato]], [K(C 24 H 28 BN 8 )] n , have been determined at 296 K in the monoclinic P2 1 /c and C2/c space groups, respectively. In their crystal structures, the thallium salt presents discrete molecular motifs, while the potassium salt shows infinite polymeric chains. The 13 C and 15 N CPMAS (cross polarization magic angle spinning) NMR spectra of these compounds were recorded and the chemical shifts compared with theoretically calculated ones at the GIAO/B3LYP/6-311++G(d,p) level. Both techniques are complementary and mutually consistent.
Introduction
The introduction of scorpionates, i.e. poly(1H-pyrazolyl)borate anions (mainly tris), by Trofimenko in 1966 (Trofimenko, 1966 as negatively charged ligands for a great diversity of metal cations has had a tremendous influence in coordination chemistry, an influence that in spite of reviews (Trofimenko, 1972 (Trofimenko, , 1993 (Trofimenko, , 2004 Yap, 2013; Reglinski & Spicer, 2015; Sallmann & Limberg, 2015) and books (Trofimenko, 1999; West et al. 2008) , is still insufficiently acknowledged. This paper aims to contribute to the recognition of Swiatoslaw (Jerry) Trofimenko as one of the most significant chemists of the 20th century. The chemistry of scorpionates has been mainly extended in three directions: (i) replacing the B-H atom of tris(1H-pyrazolyl)borate anions by B-R groups (Vitze et al., 2016) ; (ii) replacing the pyrazole rings by other azoles, such as indazoles (Muñ oz et al., 2014; Kammerer & Rapenne, 2016) , 1,2,4-triazoles (Janiak et al., 1996) etc.; (iii) replacing the central B atom by other atoms, for example, C atoms, such as in neutral poly(1H-pyrazolyl)methanes (Juliá et al., 1982; Pettinari & Pettinari, 2005; Alkorta et al., 2013; Moreno-Lara et al., 2015) .
Our past contribution to this field has been centred mainly on the study of structural properties, using as cations 'innocent' ones such as K + or Tl + , via negative-ion fast-atom bombardment mass spectra of pyrazolylborates (Aubagnac et al., 1991) ; the structures of bis-, tris-and tetrakispyrazolyl- ISSN 2053 ISSN -2296 # 2016 International Union of Crystallography borates in the solid state by X-ray crystallography, and in solution by NMR (Ló pez et al., 1990) ; determination of the protonation site of tetrakis(pyrazol-1-yl)borate in the solid state and in solution (Ló pez et al., 1994) ; structural characterization of paramagnetic octahedral homoscorpionate cobalt complexes by 1 H and 13 C NMR spectroscopy and by FAB-mass spectrometry (Aubagnac et al., 1995) ; the fluxional behaviour of molybdenum pyrazolylborates (Santa María et al., 2007) ; several multinuclear magnetic resonance studies both in solution and in the solid state (Ló pez et al., 1995; Sanz et al., 1996; Claramunt et al., 2004a,b) , where, amongst other things, some 13 C-11 B and 13 C-205 Tl residual coupling constants were measured. We also published a theoretical study of all possible pyrazolylborates derived from the parent pyrazole (Alkorta et al., 2010) .
The crystal structures of two salts of tetrakispyrazolylborate, namely [tetrakis(3-phenyl-1H-pyrazol-1-yl)borato]-thalium(I), (1), and catena-poly[potassium-[ 2 -tetrakis(3cyclopropyl-1H-pyrazol-1-yl)borato]], (2), have been determined and are presented here, together with a comparison of the 13 C and 15 N CPMAS (cross polarization magic angle spinning) NMR spectra of these compounds with theoretically calculations. (Ditchfield et al., 1971; Frisch et al., 1984) . Frequency calculations have been carried out at the same computational level to verify that the structures obtained correspond to energetic minima. These geometries have been used for the calculations of the absolute chemical shieldings with the GIAO (gauge-including atomic orbital) method (Ditchfield, 1974; London, 1937) . All calculations were carried out using the GAUSSIAN09 package (Frisch et al., 2009 ). The following equations have been used to transform absolute shieldings into chemical shifts: 1 H = 31.0 À 0.97 1 H (reference TMS, 0.00 p.p.m.) (Silva et al., 2008) ; 13 C = 175.7 À 0.963 13 C (reference TMS, 0.00 p.p.m.) (Blanco et al., 2007) ; 15 N = À152.0 À 0.946 15 N (reference external neat MeNO 2 , 0.00 p.p.m.) (Blanco et al., 2007) .
Results and discussion

Crystal and molecular structure
The X-ray crystal structure of compound (1) shows one molecule in the asymmetric unit ( Fig. 1a) . One of the four benzene rings (atoms C4-C9) is disordered over two positions, with a site-occupation factor of 0.60 (2) for the major-occupied site. The atoms in benzene ring a display large displacement parameters; however, we were unable to build a satisfactory disorder model for them. The benzene and pyrazole rings are not coplanar, displaying torsion angles (N1-C3-C4-C5) of À4.9 (5), À25.4 (5), À18.5 (4) and 6.6 (9)/À30.9 (9) for pyrazole derivatives a, b, c and the disorder models of d, respectively. The disordered benzene rings, d, and those with large displacement parameters, a, form tubes along the a axis ( Fig. 2 ), suggesting a less compacted section in the crystal structure.
Compound (2) crystallizes with higher symmetry showing half a molecule in the asymmetric unit (Fig. 1b ). The B and K atoms are on a twofold axis and the molecule grows through a crystallographic binary axis.
While compound (1) presents discrete molecules in its crystal structure, compound (2) displays infinite polymeric chains where every B atom is bonded to four pyrazole N atoms and every K atom is also coordinated to four pyrazole N atoms ( Fig. 3 ).
Comparison with related scorpionates found in the CSD
X-ray crystal studies of scorpionates concern almost exclusively tris derivatives (4028 hits); the bis derivatives are not so common (284 hits) and the same is true for the tetrakis derivatives, where there are 171 hits corresponding to 164 compounds reported in the Cambridge Structural Database The molecular structure of (a) compound (1) and (b) compound (2). Displacement ellipsoids are drawn at the 30% probability level for non-H atoms and H atoms are represented as spheres of 0.1 Å radii.
Figure 2
The crystal packing along the a axis for compound (1). Benzene rings d (the disordered model has been omitted for clarity) are displayed in green and benzene rings a are displayed in yellow.
(CSD, Version 5.37, November 2015 update; Groom & Allen, 2014) . For more details, see the Supporting information.
Each of the 164 tetrakispyrazolylborate structures in the CSD contains at least one of the 11 motifs represented in Fig. 4 . In all cases, the N1 atoms of the pyrazole rings are coordinated to the B atom of the tetrakis derivative. The second N atom from the pyrazole rings, i.e. N2, is uncoordinated in motifs A and B, is coordinated with a metal atom in motif E and, for the remaining motifs, some of the N2 atoms are coordinated and some are not, depending on the motifs displayed.
In Table 2 , we show the frequency of these motifs present in the analyzed crystal structures. The two most frequently appeared motifs (C and D) are those where two or three pyrazole rings from the scorpionate ligand are coordinated to the metal atom, leaving the remaining pyrazole rings free, and the coordination sphere of the metal atom is completed by a ligand different from the tetrakis scorpionate ligand.
Compound (1) contains the most frequently occurring motif (D), with the Tl I atom tricoordinated to pyrazole N atoms. There is a thallium complex in the CSD (refcode JARRUQ; Adams et al., 2005) , where 3-phenylpyrazolyl is replaced by 3-pyridylpyrazolyl. This structure also shows the D motif; however, it is expanded into a two-dimensional coordination polymer due to the extra coordination of the Tl I atom with the N atom of the pyridine rings.
Motifs D, H, I, J and K show the metal cations coordinated to three of the pyrazole rings in the scorpionate ligand. The B-N-N-M torsion angles observed for these tetrakis scorpionates are in most cases less than 30 , with two exceptions, viz. the thallium complex JARRUQ (Adams et al., 2005) , with max(B-N-N-Tl) = 58 , and a sodium complex (refcode TEHSOP; Chisholm et al., 2006) , with max(B-N-N-Tl) = 53 (see Fig. S2 in the Supporting information). The B-N-N-Tl torsion angles of the three pyrazole rings (b, c and d) coordinated to the Tl I atom in (1) are 18.7 (3), 20.6 (3) and 57.3 (3) , respectively. This is in agreement with the values observed for thallium complex JARRUQ.
The structure of compound (2) corresponds to a onedimensional coordination polymer extending along the b axis. These polymer chains are formed by repeating units of E motifs (Fig. 3) . This is the only example of a tetrakispyrazolylborate where the scorpionate ligand and the metal extend into polymeric chains.
Motifs C, E, F, G, J and K present the metal cations coordinated to two of the pyrazole rings in the scorpionate ligand. The B-N-N-M torsion angles observed for these tetrakis scorpionates range from 0 to 40 (see Fig. S2 in the Supporting information). In compound (2), the B-N-N-K torsion angles are 79.2 (2) and 81.4 (2) , and are very distorted in comparison with those reported in the CSD. A possible explanation for this unusual behaviour is the fact that this compound crystallizes forming polymeric chains.
Comparison with NMR properties
Compound (1) menko et al. (1987) . Compound (2), as a K + salt, is reported for the first time; its Tl + salt, (16), was described by Rheingold et al. (1997) and its NMR properties were described by us (Claramunt et al., 2004a) .
In the Supporting information, we have gathered all the NMR properties of compounds (1), (2) and (16), both in solution and in the solid-state [CPMAS (cross polarization magic angle spinning) technique], reported in previous papers or determined anew for the present publication, together with the experimental details.
The coordination to the Tl + and K + ions modifies considerably the conformation of the scorpionate ligands. Compound (1) has a type D motif, with three pyrazoles coordinated to the Tl I atom and the remaining one free. Thus, we expect a 1:3 situation, but the 15 N CPMAS spectrum ( Fig. 5 ) displays three signals for each N atom of 1:2:1 intensities.
However, if we look at the B-N-N-Tl torsion angles of the three linked pyrazole rings, with values of 20.6 (3), 18.7 (3) and 57.3 (3) , we see that two pyrazoles have similar confor- The 11 motifs observed for tetrakis scorpionate derivatives. Pyrazole rings are represented by the letter N, metal atoms by a grey sphere, the lines represent the coordination between a pyrazole N atom (N1) and the B atom (B) or between a pyrazole N atom (N2) and the metal atom, and the triple dashed lines represent extra coordination in the metal.
Figure 5
The 15 N CPMAS NMR spectrum of compound (1).
Figure 6
The 13 C CPMAS NMR spectrum of compound (1).
Table 2
Frequency of the 11 motifs found in the CSD for tetrakis scorpionate derivatives (the title compounds have also been included). of structures  2  3  37  73  14  2  7  19  5  2  2 mations while the third is quite different. Thus, 1:2:1 relative intensities are consistent with the X-ray structure.
In the 13 C CPMAS NMR spectrum ( Fig. 6 ), there are several signals that are split in a 1:3 ratio, allowing the assignment of the uncoordinated pyrazole to the 1 intensity signals: 154.6, 139.6 and 109.0 p.p.m..
Compound (2) presents an E motif, which corresponds to a single type of pyrazole coordination. The B-N-N-K torsion angles of the four pyrazole rings are two of À79.2 (2) and two of 81.4 (2) , so that two similar signals in the CPMAS NMR spectrum for each atom are expected. The 13 C spectrum is very complex, but the 15 N spectrum (Fig. 7) agrees with the presence of four different pyrazoles, two of them having atom N1 coupled with the 11 B atom (they should be quartets with four signals of the same intensity, but only the two central bands are observed). The 1 J( 11 B-15 N) ' 27 Hz values are close to those reported previously; see the Supporting information and Claramunt et al. (2004a) . The fact that only two N1 atoms are coupled with the 11 B atom is probably related to conformational differences. The signal of atom N2 also corresponds to four different pyrazoles, two of them having the same chemical shift (intensity 2:1:1).
Comparison with theoretical calculations
We have carried out B3LYP/6-311++G(d,p) calculations of the anions (1) and (2).
Unsubstituted tetrakis(1H-pyrazol-1-yl)borate, when isolated, has two minimum energy conformations, of D 2 and S 4 symmetries, the latter being the most stable by 34.8 kJ mol À1 (Alkorta et al., 2010) . The same happens with the title compounds: 31.9 kJ mol À1 for (1) and 35.3 kJ mol À1 for (2).
We have calculated the 1 H, 13 C and 15 N chemical shifts in the gas phase for the isolated anions from GIAO absolute shieldings and compared them with the experimental values measured in DMSO-d 6 . The S 4 values are slightly better than the D 2 ones: Experimental (p.p.m.) = À(1.0AE0.6) + (1.016AE0.006); calculated S 4 (p.p.m.), n = 26, R 2 = 0.9992; Experimental (p.p.m.) = À(1.4AE0.8) + (1.021AE0.008); calculated D 2 (p.p.m.), n = 26, R 2 = 0.9984. For both compounds, data collection: APEX2 (Bruker, 2013) ; cell refinement: SAINT (Bruker, 2013) ; data reduction:
SAINT (Bruker, 2013) ; program(s) used to solve structure: SIR2014 (Burla et al., 2015) ; program(s) used to refine structure: SHELXL2014 (Sheldrick, 2015) ; molecular graphics: Mercury (Macrae et al., 2008) and ORTEP-3 for Windows (Farrugia , 2012) . 
(comp1) [Tetrakis(3-phenyl-1H-pyrazol-1-yl)borato]thallium(I)
R int = 0.045 θ max = 74.5°, θ min = 3.6°h = −12→12 k = −16→16 l = −30→30 Refinement Refinement on F 2 Least-squares matrix: full R[F 2 > 2σ(F 2 )] = 0.029 wR(F 2 ) = 0.072 S = 1.
Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 ) (7) 0.090 (10) 0.097 (11) 0.013 (7) 0.025 (7) 0.049 (9) C4D 0.058 (7) 0.052 (5) 0.083 (7) 0.000 (5) 0.028 (5) 0.014 (5) C5D 0.055 (6) 0.069 (5) 0.049 (5) 0.008 (4) 0.006 (4) 0.008 (4) C6D 0.077 (7) 0.084 (6) 0.085 (7) 0.018 (5) 0.016 (5) 0.020 (5) C7D 0.085 (7) 0.072 (6) 0.087 (7) −0.004 (5) 0.050 (5) 0.002 (5) C8D 0.115 (8) 0.118 (9) 0.095 (7) 0.031 (7) 0.055 (6) 0.059 (7) C9D 0.089 (6) 0.093 (7) 0.092 (7) 0.032 (6) 0.045 (5) 0.042 (6) Geometric parameters (Å, º) 
119.8 C4C-C9C-H9C 120.4 C4A-C5A-H5A 119.8 C8C-C9C-H9C 120.4 C7A-C6A-C5A 120.7 (4) C5D-C4D-C9D 116.2 (10) C7A-C6A-H6A 119.7 C5D-C4D-C3C 121.3 (12) C5A-C6A-H6A 119.7 C9D-C4D-C3C 122.6 (10) C6A-C7A-C8A 119.6 (4) C6D-C5D-C4D 122.3 (12) C6A-C7A-H7A 120.2 C6D-C5D-H5D 118.8 C8A-C7A-H7A 120.2 C4D-C5D-H5D 118.8 C7A-C8A-C9A 120.7 (4) C5D-C6D-C7D 120.5 (14) C7A-C8A-H8A 119.6 C5D-C6D-H6D 119.7 C9A-C8A-H8A 119.6 C7D-C6D-H6D 119.7 C8A-C9A-C4A 120.2 (4) C8D-C7D-C6D 117.6 (12) C8A-C9A-H9A 119.9 C8D-C7D-H7D 121.2 C4A-C9A-H9A 119.9 C6D-C7D-H7D 121.2 C3B-N1B-N2B 106.7 (2) C7D-C8D-C9D 121.4 (9) C3B-N1B-Tl1 129.37 (18) C7D-C8D-H8D 119.3 N2B-N1B-Tl1 118.29 (17) C9D-C8D-H8D 119.3 C1B-N2B-N1B 109.5 (2) C8D-C9D-C4D 121.9 (8) C1B-N2B-B1 127.5 (2) C8D-C9D-H9D 119.1 N1B-N2B-B1 123.0 (2) C4D-C9D-H9D 119.1 N2B-C1B-C2B 108.6 (3)
0.6 (4) Tl1-N1C-C3C-C4C −68.9 (4) B1-N2A-C1A-C2A 178.9 (3) N2C-N1C-C3C-C4D −174.4 (4) N2A-C1A-C2A-C3A −0.6 (4)
−20.5 (4) N1C-C3C-C4C-C9C −171.7 (9) C1A-C2A-C3A-N1A 0.4 (4) C2C-C3C-C4C-C9C 6.5 (9) C1A-C2A-C3A-C4A −179.4 (3) N1C-C3C-C4C-C5C 6.6 (9) N1A-C3A-C4A-C5A −25.4 (5) C2C-C3C-C4C-C5C −175.2 (9) C2A-C3A-C4A- C4A-C5A-C6A-C7A 0.5 (6) C5C-C4C-C9C-C8C 3.9 (11) C5A-C6A-C7A-C8A 0.4 (7) C3C-C4C-C9C-C8C −177.8 (7) C6A-C7A-C8A-C9A 0.1 (7) C7C-C8C-C9C-C4C −3.5 (15) C7A-C8A-C9A-C4A −1.4 (7) N1C-C3C-C4D-C5D −30.9 (9) C5A-C4A-C9A-C8A 2.2 (5) C2C-C3C-C4D-C5D 158.0 (8) 
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 ) (10) N2A-C1A-C2A 110.6 (3) N2B i -K1-N2A 131.29 (7) N2A-C1A-C4A 118.8 (3) N2B ii -K1-N2A 131.23 (7) C2A-C1A-C4A 130.6 (3)
